Mirthodist ]Api.SCOl Hospital')Brooklyn, Ac,, ) rk? THE initial gcasp after birtlh is normally a vigorouis ins)ira-tory effort thalt opens, the airways and some of the alveoli of the lUngs. It is the most importan1t eveent in every life, and is quite dlistinct from subsequent respirations. Once breathing, howNever irregular and shallow, has (leveloped, effective iiieans of augmenting it are available, but there is no one generally accepted measuire for initiating the first inspiration. If this does niot occur spontaneously, the life of the child depends lIponl the measures employed.
Proceedtngys of the Royal Society of Medtcine these are not in shock and are blue rather than white, such a severe degree of depression presents a problem almost as serious as that of true asphyxia pallida.
Since the literature is replete with studies of the oetiology and pathology of asphyxia neonatorum, these phases w%,ill not be dwelt upon. It is important, however, to discuss briefly changes in the blood w-hich are found in asphyxia neonatorum. It is only when such stuidies, at least as far as the oxygen content is concerned, are furnished that a, true picture of the gravity of a case can be obtained, and the success or failure of the method of resuscitation properly evaluated. Ea.stman [9] has shown that in severe degrees of asphyxia neonatorum there is a, reduction in the oxygen content of the fetal blood to extremelv low levels. He has shown also that the serum pH is markedly reduced, there being at the same time a, considerable increase in the carbon-dioxide tension with, usually. a moderate decrease in the carbon-dioxide content. When the latter occurs there is always an increase of endogenous lactic acid, sometimes to very high levels (45 to 90 mgm. per 100 c.c.). Levels above the latter figure are practically always associated with foetal death. For several years previouis to the publication of Eastman's studies we conducted similar investigations. Eastman's work wa,s performed on blood from the umbilical artery and vein, as well as on blood from the maternal vein. He reported findings on normal and asphyxiated babies together wNith those born of deeplv anwsthetized mothers. Our studies were on the uimbilical vein blood of normal and asphyxiated babies. The first group consisted largelv of spontaneous births, while the second was composed of many types of deliveries, avoiding as far as possible, the complicating effects of anaesthesia and narcosis. The blood, obtained under oil by a special technique and analysed by methods similar to those of Eastman, furnished results closely parallel to his. An interesting finding was the low oxygen content in some babies who appeared to be breathing fairly well, while in a fatal case the oxygen content wA-as below one volume per cent.
Pressure from the laity has forced the profession to increase the use of analgesia and anaesthesia. In many hospitals few labours are carried through with no drugs whatever. From a clinical point of view it must be admitted that, although the incorrect or excessive use of drugs may cause anxiety, as a rule such babies respond after a, more or less prolonged period of apnca. Occasionally, however, a depression is encountered -hich is so deep that after a few shallow respirations the apnoea recurs and such babies can be kept alive onlv with the greatest difficulty. The important point is, that although fewr lives are lost as a result of the u,se of drugs per se, such babies cannot stand much additional asphvxia. If in such cases obstruction occurs in the cord, or there is partial separation of the placenta, compression of the head with forceps, &c., plus a long, deep aneesthesia, manv of these babies will die. They would often recover from the narcosis or the asphyxia alone, blut ar-e overwhelmed when one ifs superimposed upon the other. If a traumatic delivery under deep anmesthesia is anticipated, or if other causes of asphyxia are present, or likely to occur, it would be safer to dispense with drugs.
THE INFLUENCE OF DRUGS ADMINISTERED TO THE MOTHER UPON THE ASPHYXIA OF THE NEWBORN
It is a poor use of drugs which, in sparing the mother pain, causes her to bear a baby that will not breathe. Resuscitation has an important place in the technique of the obstetrician, but it is best that it should be seldom needed. It is not always successful.
All anaesthetics, hypnotics, and narcotics diminish the sensitivity to stimuli, but these drugs vary widely in the rOative degrees to which they depress sensitivity to the various kinds of stimuli.
The two most important forms of stimuli in parturition are first, those irritations 62 1462 of afferent nerves which produce pain, and secondly, those chemical stimuli which act upon respiration. In general the volatile ancesthetics decrease sensitivity to afferent stimuli, while exerting comparatively little influence of a depressant character upon respiration, unless administered in excess. Morphine the drug traditionally relied upon to relieve pain by diminishing sensitivity to afferent stimuli exerts a more povwerful depressant effect in decreasing the senisitivitv of the respiratory centre to stimulation by the gases of the blood.
Obviously for use in parturition the drugs emnployed should have a maximumn capacity to protect against pain, with a minimum tendency to depress respiration. The failure to consider this point is probably due to the fact that until comparatively recent years the drugs chiefly employed were the volatile ana&sthetics. Beginning some twenty years ago, however, scopolamine -ith morphine came into use and the more recent introduction of the barbituric-acid compounds has led to a, widespread and increasing practice of prolongedl narcotization of the mother, instead of temporary anwasthesia.
Experience demonstrates that most drugs administered to the mother pass also to the child. Consequently the decrease of the sensitivity of the mother is accompanied by a decrease in the sensitivity of the respiratory centre of the child to those chemical stimuli that normally induce and maintain respiration. How important this point is in actual practice is strikingly denmonstrated bv the figures recently published by Irving [17] and his associates, showing that of all children born of wholly undrugged mothers, less than 2% fail to breathe spontaneously; on the other hand with some of the drugs now frequently used, the depressant effects are so powerful that a large minority, or even a majority (35-650o/) of the children born under their influence fail to breathe immediately at birth. Doubtless no obstetrician would admit that the use of such drugs had, in his experience, actually cost the life of a child, but considering the extent of the present use of powerful respiratory depressant drugs in labour, there can be no question that there is a considerable mortality from this cause. This does not take into consideration those babies which are successfully resuscitated, but later develop pneumonia from a continuance of partial atelectasis.
As an approximation, the amount of protection against pain in relation to depression of respiration of drugs and gases in common use is as follow-s: Paraldehyde, nitrous oxide, ethylene, ether, chloroform, barbiturates, scopolamine-morphine. morphine. When morphine is used, it should be in moderate dosage an(l should not be administered less than tw-o hours before delivery. We have found, experimentally and by clinical experience, that babies are not easily depressed by the barbiturates, but if deep depression exists as the result of excessive dosage, the response, if any, to the administration of carbon-dioxide is poor. Ether is relativelv safe unless present in the blood in high concentration for a loing period of time.
Nitrous oxide is of little danger to the baby if 15% or more of oxvgen is administered with it. If the oxygen ratio is much below this, however, asphyxiation of both mother and baby will occur. The value of paraldehyde is becoming generally recognized. There is no other available drug so harmless.
OLDER METHODS OF RESUSCITATION
Artificial respiration.-Moncrieff [23] says that: " Artificial respiration, in the sense of moving the chest, even gently, stands condemned in anv form until respiration has begun, and once a breath has been taken, it is no longer necessaryv." It does not reflect credit on the profession that this measure is still advocated in most of the standard textbooks. Artificial respiration depends principally for its effectiveness upon compression and a resulting decrease in size of the thoracic cavitv. If the alveoli contain air, some of it is expelled, so that when the pressure on the chest is renmove(l. provided obstruction is not present. the elastic recoil, plus the tonus of the dliaphragm, bring about an inspiration of air. It is of no avail to compress the unexpanded, solid, feetal lung,' since, upon release of the pressure, air will not enter the dense viscus. In serious cases tonus is almost entirely absent, and if a little air ha.s alreadv entered the bronchial tree, compression further restores atelectasis.
To siimnmarize: Artificial respiration, in the babies under consideration, is condemne(l for its futility, exposure to cold, and the risk of injury. The peripheral -stimuli wihich are, incidentally, involved in the various methods, are quite useless because they do not reach the centre. The necessary stimuli must be chemical rather than physical.
MVouth-to-mouth insufflation.-This method of re,suscitation dates back to anti-(uitv. The principle involved is somewhat simila,r to that employed in the pulmotor and lungniotor. MIouth-to-mouth insufflation carries serious risk of infection and depends largely for success on the experience and skill of the operator. The latter's mouth serves as a, mnask, and air is forced into the baby. It usually enters the stomach, but if sharp, short, repeated puffs are made, a little may enter the trachea, especially if the head is held in hyperextension. Some observers believe that the carbon-(lioxide in the exhaled air which is between 3*7 and .5%5 may be responsible for a favouirable result. This is most unlikely. The oxygen (11-17%) is of some value. This is in(licated by improvement in the cardiac impulse sometimes noticed though nio respirations occur. When a response is obtained, it is more apt to be due to the fact that a faint reflex is produced by the sudden distension of the larynx and trachea. In severe ca.ses this reflex is not present, so that the principal benefit that might be (lerived is from bringing into play the Hering-Breuer reflex by a marked distension of the bronchial tree. The pressure of air niecessarv to affect the stretch receptors, however, is likely to injure the delicate lung tissue.
Summarizing: In the hands of the novice mouth-to-mouth insufflation is always langerolls, and even after long experience, the possibility of ruptured alveoli and infection is great. Occasionally a baby is saved by its use. It, should be reserved as a last resort after all other methods have failed.
NEWVER METHODS OF RESUSCITATION
In or(ler to evaluate the methods at present available to initiate respirationi it is important to describe briefly certain experimental wNork performed by us. It was carried out in an attempt to answer the following question : Can the alveoli be safely opene(l an(l made available for gaseous interchange, by means of gases under pressure in the trachea and bronchial tree (intrinsic pressures) ? Conditions closely approximating those found in the living but non-breathing newborn can be obtained by using true stillbirths. Our material consisted of f'ull-term stillbirths in which death occurredl less than three hours before deliverv. These stillborn infants were imme-(liately intubated with a leak-proof tracheal tube and the bronchial tree was distended bv oxygeni. Five cases are reported here, a nuimber sufficient to answer the question j.ist propouinded. The first infant was intubated for twenty minutes, a continuous pressure of 18 mm. of mercury being used; the other four, with the same pressure applied intermittently-four seconds on and three off. A pressure as high as 18 mm. was ilse(l in order to ensure the thorough distension of the bronchial tree. The babies were immediately autopsied and the lungs in all five cases presented no gross evideence of aeration. They immediatelv sank when placed in water. This is the more remarkable if we bear in mind that during the insufflation the thoracic cage and. to a, lesser degree, the abdomen were rhythmically expanded and dleflated in a. manner similar to normal respiration.
When these and other cases in which the pressures ranged from 18 to 5 mm. of mercury are published, the microscopic findings and concomitant photomicrographs Section of Obstetrics and Gyncacology will be given in detail. It is sufficient to state that only relatively few alveoli contained air. When air was found, the surrounding alveolar wall was usually torn, often communicating with other alveoli similarly damaged. Many were filled with blood. In two cases air blisters beneath the pleura were present. indicating extensive (lamage. The pressure was evidently too great for the friable fcetal lung andl resulted in serious damage, yet it was not adequate to aerate the lung and open the alveoli. It is logical to assume that a lower pressure, unlikely to damage the tissues, w%Aould be less effective in overcoming atelectasis. As a result of our experiments wiTe can positively state that, although the bronchial tree can be thoroughly distended, the chest walls expanded, and the diaphragm displaced, the lulng tissue itself cannot be adequately aerated even by pressures high enough to be injurious and destructive.
Drink-er respirator.-The efficacy of this respirator for respiratory depression in an adult, or in a child who has breathed, is beyond question. The importaint point in such cases is that alveoli are open so that, if respiratory movements are even an approximate prototype of the normal, air will enter and leave the alveolar spaces. Exposure is avoided, there is an absence of trauma, and the rhythm is perfect. Although the respiratory movements are not exact duplicates of those controlled by impulses from the centre, the imitation is close.
The diaphragm is an important factor in respiration, but with the Driniker respirator the amplitude of its descent is much less than in normal respiration. In spite of this, numerous reports are favourable and show that good ventilationi can be maintained. When this instrument is properly used, in moderately depressed babies, similar favourable results are obtained. We are faced wvith a nmore difficult problem in the case of the baby which has never breathed. The collapsed lung of the newborn is a structure composed of the bronchial tree, alveoli, blood-vessels, and fibrous ancd elastic tissue. It contains no air and does not open sud(denlv w-hen the chest is expanded but, rather, in sections of varied extent. With each earl inispiration additional alveoli are aerated and as this aeration continues, more and more bloodI from the pulmonary artery circulates in the peri-alveolar capillaries. Gaseous interchange bet-een the alveolar air and the blood now takes place, so that increasin(g amounts of oxygen are carried to the centre. Roentgenograms show that days, and even weeks, may elapse before the lung is completely expanded. Coryllos and Birnbaum [5] found that a pressure of 14 cm. of water was necessary to inflate the atelectatic lung of the dog. This pressure w-as required solely to overcome the cohesion betwTeen the opposing surfaces of the collapsed alveoli. We have to take into account the additional pressure needed to overcome the resistance of the chest wall and (liaphragm. This introduces an important principle, namnielv, that the initial effort necessary to expand the lungs must be considerably greater than the subsequent efforts required to maintain the expansion and continue ventilation. It should be clearly understood that we are only evaluating the use of the Drinker respirator for initiating respiration. AMurphy, Wilson [25] reported a larger series of 66 infants who failed to breathe promptlv at birth. After careful clearing of the air-passages the instrument was adjusted to give a breathing rate of 45 per minute for one group, and 35 per minute for the other. The negative pressure employed was from 8-10 cm. of water. Analysis of the results reported by these workers is not impressive. Fifteen of the 66 infants never breathed and 21 breathed before or during treatment only to die in the hospital. Although at least 13 of the 36 failures were premature, and most of these non-viable, the cause of death in as many as 15 full-term or only slightly premature babies is reported as cerebral haemorrhage. Tentorial tears were observed in five of the cerebral injury cases, each of which was a breech delivery, but no mention is made of the extent or location of the hoemorrhage in these or the remaining 10, and, as cerebral haemorrhages are a common finding in asphyxial stillbirths (this condition being shown by Leff [211 to be a result rather than a cause in most instances), death is not necessarily explained.
In accounts of these deaths and others listed as being due to prolonged labour, prolapsed cord, and so on, the important evidence as far as this method of resuscitation is concerned, namely, the extent of lung aeration, is not mentioned.
In 1933 Murphy and Bauer [241 reported the results of post-mortem examinations on the thoracic cavities of infants who died after treatment with a negative pressure of 8-10 cm. of water. They wNere disappointed to find a high proportion of cases in which large areas of lung were unexpanded. They suggested, as a result of these findings, that better results would probably be obtained if a greater negative pressure wN-ere used. In view of these results, and of others equally disappointing received in personal communications, it is evident that the negative pressure should be increased.
Serious damage, however, can be inflicted by high degrees of negative pressure, since it is possible to expand the chest to such an extent as to rupture most of the alveoli in the lungs. It has been suiggested that better results would be obtained if, in addition to a greater negative pressure, an alternating positive pressure were substituted for the return to atmospheric levels. This is not difficult to accomplish and is undoubtedly an improvement. The objection, even if this is done, that the patency of the air passages is not properly maintained, can be overcome by the simultaneous use of a tracheal tube. The principal difficulty is that, even in conjunction with a tracheal tube and alternating positive pressure, the initiating negative pressure necessary to expand the collapsed lung is greater than has yet been suggested, and cannot be known until extensive experimentation has been performed. Assuming that the expansion is accomplished by an adequate but safe pressure, it wouild then be important to diminish immediately the expansion force. This would make a trained attendant a necessity. The respirator is cumbersome and expensive, so that even if the technique is eventually perfected, it could hardly be available in many deliveries.
Summary: The Drinker respirator, as employed to-day, has little if any place in the initiation of respiration in the newborn. Piper [29], after years of use and observation with this respirator, came to the following conclusion : " This method of resuscitation based upon the principle of a vacuum can be of no value in those cases either blocked by a mucus plug or in which there is a definite condition of atelectasis. On the other hand, wNe are convinced that the Drinker apparatus for infants is of great value for the reviving of the newborn infant who has once had normal respiratory action ". This is seen in prematures who sometimes have syncopal attacks in the respiratory centre, and in deeply narcotized babies who breathe for a time and then relapse into apneea.
Lungmotors, pulmotors, resuscitators. -These machines are of two types: (1) Those employing intermittent positive pressure, and (2) those using intermittent positive and negative pressures. It is not within the scope of this paper to consider their value for the adult or for the child who has previously breathed; we are concerned only with the baby that has had no respiratory action and appears unlikely to breathe without definite assistance.
For many years the idea of blowing air or oxygen into the lungs has appealed to science. The earlier pulmotors were given an extensive and fair trial and possibly did save some lives. They have been condemned on at least two occasions, however, by eminent commissions appointed to investigate their claims, and they are little used to-day. The damage inflicted on the living subject, and the number of lives lost because of the delay in instituting other measures, will never be known. Brickley [3] is quoted as having found tears and hiemorrhages in the lungs, following their use in animals. There is no question that many of the resuscitators on the market to-day are superior to the original pulmotors. They are safeguarded against excessive pressures, but the reasons which counsel their abandonment have not changed. On March 14, 1935 , an English authority, Moncrieff [23] , speaking before the Royal C'ollege of Physicians in London, on respiratory failure and resuscitative measures, stated that : " Positive pressure inhalatory methods involving the use of a mask and pump are unsafe in most instances and quite unsuitable." Most of these machines are clumsy and expensive, and even if they were efficient would not be commonly fouind in smaller hospitals, and would practically never be on hand in the home, in which the majority of deliveries still occur.
Kreiselman, Kane, and Swope [19] have reported good results with a resuscitator which they designed and developed. By means of a tube running to the back of the mouth and attached to a tight-fitting rubber mask, repeated blasts of oxygen are injected under carefully regulated pressures. Its mode of action appears to be identical with that described under " mouth-to-mouth insufflation ", without the disadvantages and dangers of the latter. In order properly to evaluate these authors' work, detailed microscopic studies on the lungs of fresh stillbirths, treated w-ith this machine and then immediately autopsied, should be published. This also applies to any resuscitator which is claimed to open alveoli.
It is not difficult to account for the good results reported by some clinicians in their experience with resuscitators. If the apparatus employs positive and negative pressures, as most of them do, it is generally demonstrated by means of a non-elastic bag made of rubberized fabric. The bag is inflated until it resists further distension and creates a back pressure, which then actuates a reversing mechanism so that an aspirator is brought into play and suction produced. When the bag is empty, the aspirator is automatically shut off, and inflation again instituted. The bag is thus successively inflated and deflated. Inflation and deflation of such a bag is deceptive, because the bag, unlike the air passages of the body, offers little resistance until full. As soon as the inspiratory blast meets an obstacle in the air passages, it is automatically cut off and turned into expiration thus efficient inspirations are not performed. There follows a rapid clicking of the mechanism back and forth w-ithout any visible excursions of the chest and abdomen. Some observers believe that alveoli are gradually opened during this clicking process, but from our experiments on fresh stillbirths, -we are convinced that the alveoli cannot be opened in this manner.
When the opportunity to try out a new resuscitator presents itself, some obstetricians are likely to use it on baby after baby, which after delivery present a period of apncea, regardless of whether such treatment is really necessary (i.e. relaxed musculature, shock, absence of reflexes, failing circulation). As comparatively few babies manifest these findings but, rather, a mild depression as the result of drugs and ana-sthesia, it is inevitable that the results will be good. An objection to the use of these machines is that valuable time is lost before such instrumenits are put aside. The lapse of even one minute in the case of a severely damaged respiratory centre will result in further damage and may render the cells irreversible. Schmidt [30] believes this to be due largely to the accumulation of produicts of incomplete oxidation. Once it has occurred, the full restoration of oxygen will fail to bring back functional activity because the altered cells are no longer able to utilize the gas.
Summary: At times resuscitators appear to give results in cases for which they are not needed. In the serious cases under consideration they usually fail and are always contra-indicated if they employ suction, for if this acts at all, it tends to deflate the lungs and restore them to atelectasis. Inhalators -The treatment of asphyxia with an inhalator utsuallv consists of the inhalation of varying percentages of carbon-dioxide and oxvygen. Oxvgen not onlynourishes but also sensitizes the cells of the respiratory centre, wi-hile carbon-dioxide, if present in sufficient quantity, stimulates them. Respiratorv stimulation may be reflex or cheinical. This form of treatment relies on the latter. Without going deeply into the chemical control of respiration, it should be pointed out that, although a slight diminution in the oxygen content of the blood temporarily stimulates the centre, a further diminution renders it less sensitive to whatever carbon-dioxide is present. When this condition persists, oxygen should be restored as rapidly as possible, but until this has been accomplished an increase in the carbon-dioxide tension will provide increased stimulation and largely compensate for the oxygen lack. If the oxygen contient remains relatively low for a long period of time, which is the case in the later months of gestation, a considerable increase in the carbon-dioxide pressurea normal finding during these months-may not be adequate to initiate or continue respirations, since, as has been shown by Eastman [9] , the fcetal centre becomes d(ulled or insensitive to considerably increased tensions of carbon-dioxide. In order to improve the function of the centre the oxygen supply must be fully restored and, for a time, the carbon-dioxide tension, already high, markedly increased. It is, in part, uipon these facts that the value of the inhalator for the poorly breathing baby is based. As a rule a mixture of carbon-dioxide and oxygen, containing 10% of the former, is sufficient to augment respiratory movements, but in some few cases in w%Nhich the respirations are very shallow, in spite of a high carbon-dioxide tension, imixtures containing as much as 20 or even 3000 may, for a short time, be employed. As the oxygen revivifies the centre, less carbon-dioxide is needed; thus it should be progressively cut down to 10, or 7, per cent.
As early as 1920 Henderson [14] advocated the use of such mixtures. On numerous occasions since, he and many others have elaborated upon the subject so that, as far as the asphyxiated but breathing baby is concerned, inhalator therapy, when obtainable, has practically supplanted other methods. In such a case we rely on the infant inhaling the gases, thus producing stimulation as well as oxygenation of the centre. The inhalator has saved, and will continue to save, countless babies, vet it can actually (1o harm. This statement is based upon the fact that the inhalator is useless in a, stillborn child for, placing a mask over a baby's face, even when the gas is undler pressure, will not assure its entering the lungs. Valuable time is thus lost if the limitations of the inhalator are not appreciated. To summarize: The inhalator is the best and safest means we have for saving the life of the asphyxiated but breathing baby, and is also of value as a neonatal treatment for the prevention of atelectasis and pneumonia. It is, however, of no avail in itself as a means of initiating respiration (Table I, Laryngeal intubation and insufflation.-The digital insertion of a flexible rubber tube into the trachea has been practised for many years, ease of introduction depending principally on the presence or absence of a laryngeal reflex. If present, it indicates a comparatively mild asphyxia, so that although insertion might be difficult, it is rarely needed. When the reflex is absent, there are no respiratory efforts and the skeletal muscles are markedly atonic. Because of this such babies can be intubated with little practice-De Lee [7] , for example, mentions a simple technique. In 1928 Flagg [131 described a technique for introducing a metal tube into the trachea by means of a. small electricaliy lighted laryngoscope. The tracheal tube is connected to a water manometer which is in turn connected w-ith a supply of carbon-dioxide anld oxygen. The manometer indicates the pressure of the gases in the tube and is so adjusted as to act as a blow-off valve if an exeessive pressure is used. We have found that 12 mm. of mercury is the highest pressure that can be used with safety. Blaiklev and Gibberd [2] have recently suggested a somewhat similar technique employing a rubber catheter instead of the rigid tube. Although trauma may be inflicted if the laryngeal reflex is present, in its absence both methods are easy and safe.
The luings of the stillborn are dark in colour, do not crepitate, and sink in water.
With the first inspiration the thoracic wall expands and the diaphragm descends so that a disproportion is created between the thoracic cavity and the solid lungs.
In the absence of obstruction, air enters the bronchial tree and infiltrates into the alveoli. There is little or no negative pressure in the pleural space at this time, since insufficient disproportion between the lungs and the chest cavity exists. Later, as a result of the rapid growth of the ribs and vertebral column, a real disproportion is present wNhich, because of the elastic recoil of the lung tissue, produces a definite intrapleuiral negative pressure.
To most obstetricians intratracheal insufflation has for its prineipal object the forcible expansion of the lungs. It has been previously stated that the alveoli cannot be safely opened in this manner. The preceding paragraph described Nature's wav of opening the lungs, which, in most respects, is at variance with the concept of Iusing; gases under pressure in the trachea.
This does not inean that insufflation is not of great value. On several occasioIns we have observed that w%rhen oxygen is insufflated into the trachea there is a, (lefinite inmprovemnent in colour. If the insufflation is performed with a tight-fittinlg tube and a pressure as low as 5 mm. of mereury, the bronchial tree is distended, the chest increased in size, and the absorption of oxygeni even more rapid. Using this pressure and techniquie w-e kept a baby alive for two hours although it never breathed, and autopsy revealed no open alveoli. This is of great significance. Intermittent pressure is recommended by Flagg, but Blaikley anid Gibberd state that this is not necessary. They feel that if respiration commences, expiratory movemenits against a positive pressure assist in the a,eration of alveoli and to some extent are imitatioins of the valuable crying efforts. Intermnittent pressure is probably of value, however. as the rhythmic expansion of the bronichial tree mayv bring into play the Hering-Breuer reflex. Although this reflex is absent in severe cases, it will returni if the circulation improves sufficiently as a result of the (ab8o)ption of oxygen by the m lWcos(t lining the. trachea and bronchioles.
To summarize: Intubation is safe and easy to accomplish in the severely asphyxiated baby, permitting thorough aspiration and providing anl excelleint airway. Essentially, it is the extension of an inhalator into the lungs. It shouild not be used in an attempt to open the alveoli by direct attack.
Tilting boards. Eve [12] and Cornish [4] have devised see-saws on w%hich the patient is laid and rocked through an angle of thirty or more degrees. Henderson [15] in recent experiments on dogs, found that the volume of air moved in and out of the lungs by this rocking method is mnuch less than that displaced when the chest is compressed by hand. As such pressure is useless when there is no air to expel, it would seem that the rocking method is of little or no value in initiating respiration. Intravenou8 re8uscitation.-By this is meant the initiation, or re-initiation, of respiration, utilizing a substance injected into the blood-stream. This miethod depends principally either upon direct stimulatioin of the respiratory centre or uponl the lowering of the response threshold, so that a previously dulled centre is rendered more sensitive to the prevailing carbon-dioxide in the blood. In 1928 one of us (R. A. W.) [39] presented a preliminary report on the injection of a respiratory stimulant into the umbilical vein for the treatment of asphyxia neonatorum.
In the search for a satisfactory agent much time was devoted to the study of drugs commonly deemed to be analeptics and respiratory stimulants, such as strvchnine, epinephrin, caffeine sodio-benzoate, atropine, ephedrine, &c. Either there was no respiratory stimulation following injection, or it was so slight that these drugs would be of little use in a severely asphyxiated baby. Undesirable and dangerous side actions were often found, particularly with the dosage increased in order to obtain more respiratory effects.
It is necessary to summarize the results of hiundreds of animal experiments in different types and degrees of narcosis and asphyxia in a short space. Onlv two drugs were found to be good respiratory stimulants: Pyridine-B-carbonic acid diethylamide (coramine) and lobeline hydrochloride. The former increased considerably the rate and amplitude of respiratory movements. On a numnber of occa.sions it initiated respiration after the experimental production of apncea. Frequentlv. however, severe and sometimes fatal convulsions occurred even when recommended dosage was uised. Moncrieff [23] speaks of similar convulsions in children. thus we have not, felt justified in using it intravenously in the newborn. These convulsions do not usuallv occur in adults and older children, when the drug is injected subcutaneously. No further consideration was given to coramine, as the subcutaneous injection of this or any other drug in stillborn babies is doomed to frequent failure because of the weak circulation and the consequent lapse of time which results between injection and effect. If a favourable result is to be obtained within a few seconds after injection, it is possible only by intravenous therapy. (Pentamethylentetrazol (metrazol) and picrotoxin are known to be respiratory stimulants. In the case of the newborn extreme caution is advisable, for these drugs are classed as convulsants.)
There is general agreement among those who have had experience with lobeline that it stimulates respiration. There is some difference of opinion as to its effectiveness in severe degrees of narcosis and asphyxia. Competent observers [1, 6, 8, 10, 16, 32, 33, 35, 36, 37, 38, 39, 40] have reported more or less favourably, yet others [11, 18, 20, 22, 27, 28, 31, 341 have advised against its use. We have given it a thorough and impartial trial both clinically and in the laboratory, uising a preparation of lobeline hydrochloride.1 The results as a w-hole have been impressive, especially in severe asphyxias.
Graphs of the apnoea and early respirations of the newborn have not been previously produced, yet they are absolutely necessary if we wish to have impartial and permanent. evidence of the condition of a baby before and after resuscitation. As there was no reliable method for recording the respiration of the newborn immediately after birth, it was necessary to devise an apparatus for that purpose. It consists of a receptacle in which the infant is placed immediately after delivery. Movements of the infant's chest and abdomen are transmitted to a spirometer carrying a scribing point which in turn writes on a drum ( fig. 1 ). By means of this apparatus it is possible to study, not only the effects of drugs and gases as resuscitant agents, but also the effect on the baby of drugs and anaesthetics administered to the mother before delivery. Tracings can be started as soon as seven seconds after delivery.
We have proved by means of the aforementioned graphs that lobeline will heighten the respiratory efficiency of the normally breathing baby ; that it will rapidly overcome respiratory depression due to morphine; that it will produce such a marked expansion of the thoracic cavity as to greatly diminish, if not entirely overcome, residuial atelectasis ; lastly, that it will actually initiate respirations in serious asphyxia,s. The graphs of the latter condition are fortified by detailed protocols of the resuscitation of ten cases of asphyxia pallida with concomitant foetal blood studies (Table I, pp. 78 et 8eq.). The best technique of injection, blood-pressure response, method of action, dosage, and safety will be considered.
In order to duplicate these results the drug must be introduced directly into the blood-stream, a most rapid method for reaching the centre. Even in the breathing child, carbon-dioxide administered with an inhalator finally reaches the centre in this way. (Its entrance into the lungs and passage through the alveolar walls is an intermediate step.) It is, therefore, logical to introduce the stimulating substance directly into the blood if, as it has been previously shown, the lungs are solid. In grave asphyxias the lingual death zone is a barrier to the passage of gases into the trachea. The desired effect need only be of short duration because, if respiration commences, and the airways are patent, a few inspirations will open up alveoli to oxygen and carbon-dioxide. Treatment is then continued as it would be on any asphyxiated but breathing baby.
Any method of resuscitation should be as simple as possible. This is partic,ularly true in obstetrics, because so many deliveries take place in the home. One should also keep in mind the confusion and excitement that often attends the birth of a stillborn child. The superficial veins are too small to be readily available, and injections into the longitudinal sinus or heart chamber are radical procedures and should not be lightly undertaken. The umbilical vein offers the most convenient place of injection. Only when the cord has been cut close to the child need other sites be considered. We make it a practice always to leave the cord long until respirations are well established.
The following improved technique is the one recommended for general use. Although not difficult, it must be correctly understood and performed in order to obtain a speedy and satisfactory response: Immediately after delivery the baby is handed to an assistant who holds it, preferably, by the feet with the head down. The cord should not be cut unless it interferes with delivery or is very short. As previously mentioned, it should not be cut close to the umbilicus. Thorough aspiration with a flexible rubber tube is performed, after which a careful appraisal of the baby is made. Particular attention should be paid to the colour, muscle tonus, and strength and rate of the cardiac impulse. If resuscitation is decided upon, the cord is inspected and a good injection site determined upon. This should be prefer-
ably between 6 and 8 in. from the umbilicus. The cord is then doubly clamped about 1 in. distal to the chosen injection site and cut between the clamps. The remainder of the technique may be carried out on a table or in a heated receptacle, but we prefer to perform it without moving the baby, keeping it in its inverted position. There is less delay and less danger of a break in asepsis. An exception to this is made in the case of grave asphyxias where a more elaborate technique in conjunction with a tracheal tube is used. This will be described later. If lobeline is the resuscitating agent to be used, gr. of the hydrochloride is injected into the umbilical vein ( fig. 2 ) and the cord compressed firmly between has been clamped and cut about 8 in. from the umbilicus. In order to facilitate the insertion of the needle, if possible, a dilated or bulbous portion of the vein should be selected. It is well to withdraw a little blood in order to be sure that the needle tip is within the lumen. the first and second fingers adjacent to the clamp. The column of blood and drug in the vein is milked towards the umbilicus ( fig. 3 ). (Epinephrin and other drugs may be similarly administered.) The first half of the stripping is done rapidly to avoid delay (the drug has not yet reached the child). The milking is then continued slowly and progressively until a respiratory response results. Once breathing is well established, any drug remaining in the vein is removed by tying and cutting the cord near the umbilicus. According to the preference of the operator, an inhalator mask may be applied before the stripping or after respirations have been induced. Injection into the cord substarnce or the umbilical arteries is of no avail. In rare cases injection may be difficult if the vein is small or collapsed. The latter condition is epsily corrected by having the assistant compress the cord between the fingers at the umbilicus and slide them a short distance toward the clamp. This causes the vein to stand out clearly. Identification of the umbilical vein.-(1) The umbilical vein is more superficial and larger than either individual artery. (2) The umbilical vein nearly always discloses points of dilatation and varicosity, and this, in conjunction with its greater size, will identify it. Inject at an area of dilatation.
Blood-pressure tracings from the external carotid artery of the cat show a rather sharp rise, followed by a slow fall, sometimes to a little below the base line with a gradual return to normal. The blood-pressure effects are not significant. Clinically there has been no evidence of either cardiac stimulation or depression. The question is of little importance because as soon as a few respirations have occurred, the oxygenation of the blood brings about an immediate improvement in the circulation.
Lack of space prevents the inclusion of many graphs obtained under widely varying conditions. Some illustrate the effect of lobeline, administered for purposes of demonstration, on normal breathing babies. In one of them, the change in the rate FIG. 3. -Stripping of the umbilical cord. It is compressed between the fingers, distal to the point of injection and the fingers then moved towards the umbilicus. The amount and rate of introduction of a drlug into the general circulation are regulated according to the speed at which the fingers are moved. and amplitude following injection represented an increase in respiratory efficiency of 310 per sent. Excellent results were obtained on infants depressed by morphine and the barbiturates (fig. 4) . A glance at such tracings shows a tremendous increase in the amplitude-and, to a less extent, the rate-of the respirations, resulting in the opening of numerous alveoli. The flow of tidal air and gaseous interchange with the blood are therefore proportionately increased. The majority of the graphs illustrate a considerable expansion of the thorax, which is well maintained, a change of respiratory style having been brought about. Breathing now takes place with the chest in an inspiratory position. Atelectasis has been, at least partially, overcome.
This type of graph is useful chiefly to furnish pharmacological evidence. Graphs which illustrate the initiation of respiration are in a different category. Some of them, in conjunction with the clinical picture and blood findings, indicate recovery from apnceas of a serious nature ( fig. 5 ).
In our experience the best results are obtained after the use of morphine, chloral hydrate, and the barbiturates. In moribund babies, only irregular gasps may follow injection, but these are sometimes adequate to save life. In serious but less profound asphyxsias, vigorous and fairly regular respirations are initiated. The effects of the drug disappear in from two to four minutes.
Lobeline acts by lowering the threshold of the centre to the carbon-dioxide present in the blood. The first inspiration takes place within fifteen seconds after milking the cord, if the centre is not irreparably damaged. It is imperative that the drug be correctly administered. Before the respiratory response, there is a stiffening of the entire body frequently resulting in a mild opisthotonus. The inspiratory gasp follows almost immediately. These findings are so constant that if they are absent, FIG. 4. -Response of a morphinized baby, unexpectedly born 50 minutes after morphine sulphate gr. i had been administked to the mother. Spontaneous delivery. No anesthetic. Baby blue but manifested good tonus. Cardiac impulse slow, regular and strong. Graph started 3 minutes after delivery. Note slow and shallow respirations with a tendency of expiration to lag. Expiratory lagging is a form of respiratory depression often encountered in drugged babies. There are short periods of expiratory apncea. Such infants unless treated vigorously stffer from atelectasis and are subject to neonatal pneumonia. it is almost conclusive evidence that the drug is not in the general circulation. The increase of tonus is itself of great value. Certain writers have opposed the use of drugs because of the danger of over-dosage. This is not a valid objection because, if it were, it would be necessary in many diseases, to discard remedies which are poisonous in excess. Over-dosage with the hydrochloride does not result in depression, but only in a temporary apncea. This is due to a fixation of the chest and diaphragm in the inspiratory position as a result of excessive stimuli from the centre (Wilson and Torrey [40] ). This apncea is in itself harmless, except that the desired pulmonary ventilation does not occur. Since delay in pulmonary ventilation is injurious, the apncea, for this reason, is undesirable. It will not occur if the dosage is correct. Gr. gives the most satisfactory results, although gr. I elicits an excellent response in mild cases. As high as gr. 3 may be employed, although with the 74r 1474 larger amounts the aforementioned apncea may be encountered. In order to allay apprehension regarding over-dosage, we may state that after careful tests on animals we have used in babies as much as six times the recommended dose without permanent ill-effects.
In this institution up to January 1, 1937, lobeline hydrochloride has been injected into the circulation of 340 babies. A detailed analysis of these cases will be published , FIG. 5. -A. F., No. 12,535. Weight 6 lb. 13 oz. Gestation 9 months. Labour 16 hours, 7 minuites. Morphine sulphate gr. i, 2 hours before delivery. Gas-oxygen ether anesthesia. Spontaneous delivery. Tight knot in cord. Baby pale and flaccid. No pulsation of cord. Slow and faint cardiac impulse discernible. Condition judged critical. One and three quarter minutes after delivery lobeline hydrochloride gr. i% injected. Cord stripped 52 seconds later. This copy of an originial graph shows a prolonged apncea. The two movements of the scribing point before injection should be disregarded. They were caused by pressuire on the bag during aspiration. The apncea continued until milking, which resulted in a deep inspiration, maintained for 6 seconds. Then a series of inspirations at intervals of about 17 seconds, interspersed with shallow respirations followed. The latter tended to increase in depth and rate. C027%-0293% administered after removal of infant from pneumograph. Recovery. Oxygen content 1-3 volumes per cent. pH 7-06.
in the future. It should be stated that about 100 of the injections were administered to normal babies in order to secure additional data. All treated babies were subsequently observed by competent pediatricians. In no instance did side effects such as vomiting or convulsions ensue, and no infections of the umbilicus were noted.
Summary: Intravenous resuscitation appears to have only a limited field in the poorly breathing baby, but is of great importance in the stillborn. Its role is almost exclusively that of initiation. Two highly desirable aims, namely an increase of body tonus and a favourable influence on the respiratory centre, have been satisfactorily achieved by lobeline hydrochloride, which has been found to be safe and free from side effects. Its use in combination with other drugs is, at present, under investigation. Important advantages of this method are economy, simplicity, and rapidity of action. Disadvantages are the transient nature of the response and the necessity for perfect asepsis.
Discumsion
The most important methods of resuscitation have been presented. It is apparent that no one of them is entirely satisfactory. We have found that in combination, however, most encouraging results may be obtained, and suggest the intravenous use of a respiratory stimulant in conjunction with tracheal insufflation and the subsequent application of an inhalator. The technique, important particularly in asphyxia pallida, is as follows Immediately after delivery as much material as possible is aspirated with a rubber catheter. The umbilical vein is then injected and stripped to just short of the halfway mark (figs. 2 and 3). A second clamp is, however, applied here to prevent the blood from returning toward the site of injection. So far the initiating substance has not entered the circulation, but has been made ready for subsequent use. The next step consists of introducing a laryngoscope, the baby lying on a table with the head over the edge in hyperextension. Suction of the larynx and trachea is performed, using a hollow sound designed for this purpose, and the tracheal tube then inserted. The latter insufflates a mixture of carbon-dioxide and oxygen in the proportion of 20-80% respectively, under intermittent pressure (5-12 mm. of mercury). If preferred, lesser percentages of carbon-dioxide or pure oxygen may be used. The initiating drug is slowly "milked " into the circulation by further stripping of the cord, a sufficient amount being introduced to bring about a definite gasp and subsequent respirations. The carbon-dioxide entering the newly opened alveoli results in an increase in depth and frequency of the respirations. The oxygen quickly improves the circulation and also renders the respiratory centre more sensitive. When high percentages of carbon-dioxide are used, the tube should be withdrawn in from one to two minutes after breathing has commenced (Cases 9 and 10, Table I ), the tongue pulled forward by a clamp or suture, and an inhalator placed over the face. If the lower percentages or pure oxygen are favoured, the tube may be left in place much longer. The inhalator supplies percentages of about 7 and 93 respectively. This treatment is continued until the child is out of immediate danger. In severe cases it is advisable to administer these gases at intervals for approximately five days.
In two cases which came under the care of one of us (R.A.W.) the babies showed no signs of life. Epinephrin was injected directly into the heart. As a result, some faint cardiac pulsations were observed; the preceding technique initiated respirations, and both babies recovered. A number of cases have been reported in which life was saved by the intracardiac injection of epinephrin. If death is not absolutely certain, it should always be tried. This combined technique embodies advantages of important methods with few of their disadvantages. The tracheal tube overcomes obstruction and, if gases are employed, brings them into the lungs under a safe pressure, ready to be absorbed at the first opening of alveoli. No attempt is made to forcibly dilate the alveoli within. The use of an inhalator, when respirations have been established, is an accepted procedure. It is not imperative to employ varying percentages of carbon-dioxide, although some writers have claimed important benefits from the brief use of a high concentration. This has been challenged (Eastman [9] ). A strength of from 5 to 7 per cent. is effective and, when used, does not require the early removal of the tracheal tube. The technique is effective in any case sufficiently serious to have a diminished or absent laryngeal reflex.
The importance of thorough suction cannot be overestimated. The initial inspiration may otherwise result in inundating the bronchial tree with liquor amnii, blood, meconium, &c., and the baby may drown or die of shock.
From January 1, 1927, to January 1, 1937, during which time the greater part of this study was conducted, 17,860 live babies, from 7 to 9 months of gestation, were born in the Methodist Episcopal Hospital (Table II , p. 81). Among them were many instances of respiratory depression and asphyxia, ranging from mild morphinization to asphyxia pallida.
The 10 cases in Table I are examples of the latter class. In none were drugs administered to the mother less than five hours before delivery. In Case 4 no anaesthetic was used. In the others gas-oxygen with and without the addition of ether was employed. It is our custom to use a minimum amount of ether, therefore the anmesthetic played a minor part as an aetiological factor. Unless otherwise specified the " Simple Measures of Resuscitation " included suction, holding the baby head downward with the head extended, gentle flagellation, and, sometimes, pressure on the chest.
Delay in the employment of more modem methods in a few of the cases is explained by reluctance to utilize unfamiliar procedures. In Case 10 the armamentarium was not immediately available.
It is difficult, of course, to describe satisfactorily the relative severity of each case. Pallor, shock, and degree of tonus vary, and can best be appreciated by those present. With the exception of Case 6 the cardiac pulsation is described. This is a useful index of the extent and duration of oxygen deprivation. The most accurate index of the gravity of a particular case is supplied by a blood analysis which was taken in all but Case 2. Other factors, such as trauma, cerebral cedema, and haemorrhage, cannot be estimated at the time of delivery. The oxygen content is normally about 12 volumes per cent., and it is remarkable that Cases 3, 7, and 10 recovered. It is reasonable to assume that the low content persisted for only a short time, insufficient to permanently damage the delicate nerve-cells of the centre. On the other hand, in Cases 7 and 10, the content must have sunk lower, for considerable time elapsed between taking the blood and the first inspiration. Considering 7 40 to be a normal pH, some of the readings fell to very low levels hardly compatible with recovery.
The blood was obtained under oil immediately after delivery, before any resuscitative action was taken. The cord was doubly clamped and cut about 8 in. from the baby, and the blood then removed from the placental section of the umbilical vein. In Cases 7 and 10 the cord was clamped and cut before delivery. Oxygen content was determined according to the method of Van Slyke and Neill. The serum pH was measured electrometrically. In many cases, including several in Table I , the total carbon-dioxide content of the blood was determined as well as an estimation of the carbon-dioxide tension. These figures are not given, as we believe the oxygen content to be the factor of prime importance. We wish to avoid any discussion of the relative merits of pure oxygen and carbon-dioxide-oxygen mixtures in primary resuscitation. Cases 1 and 5 were cinematographed, and the film, which includes the resuscitation of other cases, is available for those who are interested.
The question has been raised whether or not intravenous resuscitation should be practised alone,if gas therapy, or at least a tracheal tube, is not available. This is optional when the prognosis appears favourable, even though the depression is deep and the respirations for the time being inadequate. Inasmuch as the graphs show that respiratory efficiency can be increased, and the thoracic cavity expanded by this 
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Prematures of less than twenty-eight weeks' gestation are omitted. Also all dead-born. The absence of visible or audible cardiac pulsations was the principal criterion in cases of doubt. The majority of doubtful cases received an injection of epinephrin directly into the heart. On rare occasions a response was obtained, the c se then being treated and classified as a live-birth. * Statistics compiled by Dr. Martin Z. Glynn. method, it would seem that there is something to be gained and nothing to be lost by its use. The answer is decidedly in the affirmative if a prolonged apncea which has not responded to simple measures must be treated. This procedure will often initiate respiratory movements which, even if irregular, and comparatively few in number, result in air entering the alveoli. Although this only fulfils part of our recommendation, it is superior to crude, older methods. Unless each stage of a technique has been previously experienced, success will not necessarily attend the first use of modern methods in an urgent case. Adeptness at identifying, injecting and stripping the umbilical vein is gained by injecting saline into normal infants. It has been observed that a primary failure will often severely prejudice one against later attempts, even when the technique was faulty.
We sincerely feel that a consideration of this study by those with open minds will result in the saving of many lives which would otherwise be lost. BIBLIOGRAPHY 
